Abstract. Studies of complete genomes are leading to a new understanding of the biology of mammals and providing ongoing insights into the fundamental aspects of the organization and evolution of biological systems. Comparison of primate genomes can identify aspects of their organization, regulation and function that appeared during the primate radiation, but without comparison to more evolutionarily distant mammals and other vertebrates, highly conserved aspects of genome architecture will not be accurately identified nor will the lineage-specific changes be identified as such. Many species of primates face risks of extinction; yet the knowledge of their genomes will provide a deeper understanding of primate adaptations, human origins, and provide the framework for discoveries anticipated to improve human medicine. The great apes, the closest relatives of the human species, are among the most vulnerable and most important for human medical studies. However, apes are not the only species whose genomic information will enrich humankind. Comparative genomic studies of endangered species can benefit conservation efforts on their behalf. Increased knowledge of genome makeup and variation in endangered species finds conservation application in population evaluation monitoring and management, understanding phylozoogeography, can enhance wildlife health management, identify risk factors for genetic disorders, and provide insights into demographic management of small populations in the wild and in captivity.
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Genomic studies analyzing intra-specific and inter-specific differences offer to become an effective and significant conservation tool. The variation disclosed by these studies can provide a basis for understanding the geographical distribution of variation, infer demographic events such as bottlenecks and population expansions, identify loci under selection, and provide assessments of population structure, behavioral ecology and epidemiology in the recent to distant past. Improved conservation assessments and enhanced methods of medical diagnosis and population management incorporating data from genome studies may contribute to increasing the chances for survival of some endangered species.
The proposal to sequence the human genome and the subsequent unexpectedly rapid assembly of the draft human genome sequence created new expectations in human medicine and biology (Collins, 1999) . Recently described aspects of the structure of the human genome, such as the partition of genes that are abundantly expressed into relatively GC-rich, SINE-rich and LINE-poor "ridges" (Versteeg et al., 2003) adds to earlier unexpected findings such as the estimated number of genes in the human genome (Lander et al., 2001; Venter et al., 2001) . The trend for new, previously unanticipated, insights into the architecture of the human genome continues as the genomes of additional mammals are completed and applied to comparisons of overall syntenic structure and fine-scale organization in specific chromosomal regions (Hardison et al., 2003; Pevzner and Tesler, 2003; Thomas et al., 2003) .
Comparative studies of genome sequences are leading to the identification of functional elements through identification of conserved sequence regions (Gumucio et al., 1992; Boffelli et al., 2003) . Pairwise comparison of genome sequences identifies features held in common, but falls short of identifying all regions in each separate genome that are functional elements (Boffelli et al., 2003; Kirkness et al., 2003) . Multi-species comparisons to identify functional elements require an evolutionary perspective in order to efficiently derive functional aspects of genome architecture (Eisen and Fraser, 2003) .
Phylogenetic studies have been utilized to identify genome segments and gene regions that evolve more rapidly (Stankiewicz et al., 2001; Enard et al., 2002a, b; Stankiewicz and Lupski, 2002; Hellman et al., 2003) or to identify genome segments conserved in the radiation of mammals (Gumucio et al., 1992) and within the order Primates (Boffelli et al., 2003) . The location of these conserved regions is consistent with a role as cisacting regulatory elements that influence developmental programming (Davidson et al., 2003; Nobrega et al., 2003) .
Studies of variation in the human mitochondrial (mt) genome led over the course of the last two decades to a view of human origins in and dispersal from Africa (Cann et al., 1987) that was supported by subsequent studies of Y chromosome variation (Hammer et al., 2001 ) and single nucleotide polymorphisms (SNPs) (Yu et al., 2002) . In many ways, the utility of the early RFLP and sequencing studies helped produce expectations that fundamental attributes of human biology and evolution would be discovered by more ambitious DNA sequencing efforts. With the expansion of mtDNA studies to other hominoid species, the chimpanzees, bonobo, gorillas and orangutans, clearer definition of the evolutionary relationships among these species unfolded, though not without accompanying controversy. An early finding (Ferris et al., 1981) , subsequently upheld (Gagneux et al., 1999) , was that species of great apes displayed greater diversity in their mtDNA than did humans. The development of larger data sets and new analytical tools led to the suggestion of a population bottleneck in Homo sapiens in its relatively recent evolutionary past, e.g., within the last 50,000 -200,000 years (Marth et al., 2003) . Again, in anticipation of new findings and increasing resolving power that could be obtained by larger scale efforts at sequencing mt and nuclear loci, the importance of comparative studies in elucidating the history and definition of the human genome gained broad recognition. Similar analyses for chimpanzees, bonobos, gorillas and orangutans could greatly add to knowledge of the geographic distribution of the genetic variation within the species; such information could play a crucial role in recognizing conservation units (Morin et al., 1992; Ryder and Chemnick, 1993; Garner and Ryder, 1996; Zhi et al., 1996; Deinard and Kidd, 2000) . The role of duplication of chromosomal segments in the evolution of mammalian Pennacchio, 2003) and hominoid genomes (Stankiewicz et al., 2001; Locke et al., 2003) has been established and suggests that additional comparative studies will shed further light on the incidence and causes of this dynamic aspect of genome architecture.
In an effort to identify and understand the full spectrum of functional elements of the human genome and document the differences between humans and their closest relatives, efforts are underway to sequence the chimpanzee genome (Fujiyama et al., 2002; Olson and Varki, 2003) . A parallel effort to broaden the impact of comparative analyses utilizing the mouse genome sequence involves comparison with the genome sequence of a related rodent model organism, the laboratory rat.
While the understanding of the functional elements of the human genome involves comparison to other species, the choice of species and even which individual within the species has potential conservation relevance. Anticipating the analyses that can become feasible through genomic studies and identifying opportunities for collection of data and their subsequent use in conservation efforts is a process still in its infancy. While all information regarding genetic variation is potentially relevant, the data gain value when associated with knowledge of phenotype, provenance of origin of the sampled individuals within the range of the species, and background genetic and demographic data.
Although expanding, complete genome studies are currently few and the allocation of funding for sequencing projects reflects a parsimonious process for understanding the human genome. With the release of the chimpanzee genome, the first genome sequence from an endangered species will become available. Endangered status does not contribute in a significant way to the sequencing decision process, but it is worthwhile to note that knowledge of the genomes of endangered primates, specifically, and other endangered mammals representing primates and other major mammalian lineages has humanitarian value.
SNP analysis, ancestral character state and patterns of selection in genome evolution
The comparative analysis of mammalian genomes to evaluate the mode and tempo of changes in exons, intron structure and sequence has provided an outline of some of the potential ways that comparative genomics can provide context for evaluating the human genome and its variation (Eichler and Sankoff, 2003; Navarro and Barton, 2003; Shi et al., 2003; .
With the generation of partial sequences of the human genome, the importance of evaluating the variation intrinsic in the most simple sequence polymorphisms, the SNPs or single nucleotide polymorphisms, offered to provide tools for effectively achieving one of the primary goals of the Human Genome Project (HGP): identification of the DNA changes that contributed to disease, especially those that were due to heritable risk factors (Collins, 1999) be it from simple (single gene) or more complex (multi-factorial) factors (Meyerson, 2003) .
SNP discovery and interpretation of SNP data required methods for obtaining information on frequency of these polymorphisms and determination of the ancestral character state of such variation within the human genome. Re-sequencing of loci and the use of oligonucleotide chips demonstrated that SNPs were only rarely shared between humans, chimpanzees and gorillas and in proportions consistent with the overall aver-age nucleotide divergence between these species. For the majority of human SNPs, the most common nucleotide at an SNP site was the same base that was present in the chimpanzee and accordingly the newly substituted nucleotide was generally less abundant, consistent with expectations of neutral theory (Hacia et al., 1999; Kennedy et al., 2003) .
Targeted sequencing of homologous regions of other species and their comparison to the human sequence provides information about conservation of aspects of gene structure such as exon-intron boundaries, the presence of insertions and deletions (indels) of varying magnitude and allows for the identification of conserved regions that serve as candidates for sequences imbued with functions not involving coding (Britten, 2002; Waterson et al., 2002; Weber et al., 2002; Yu et al., 2002; Frazer et al., 2003; Kirkness et al., 2003) .
Through the use of phylogenetic comparison of DNA sequences, presumptive regulatory elements conserved between higher categories of systematic classification, such as families, orders and supraordinal lineages could be identified. The comparison of human, mouse, and dog genome sequences becomes a crucial tool in genome annotation and enriches the understanding of the organization and workings of the human genome (Cooper et al., 2003; Kirkness et al., 2003) .
Analysis of genomic variation within a species can reveal evidence of population processes that cannot be uncovered by behavioral observations alone, or would require prohibitively lengthy monitoring (Buchan et al., 2003) . Investigating polymorphisms among populations can shed light on the basis of prezygotic and postzygotic isolation and the relative importance of sex-linked characters in these processes, as has been demonstrated for a small sampling of autosomal loci and sexlinked SNPs in Ficedula flycatchers (Saetre et al., 2003) . SNP data are becoming available as a result of whole genome sequencing projects, resequencing efforts and through strategies designed to collect locus-specific SNP data in a variety of species (Primmer et al., 2002; Navarro and Barton, 2003; Shi et al., 2003; Yu et al., 2003) .
Of what utility will these data be for conservation efforts? Construction of SNP-based maps has become a target for domesticated species and many model organisms. SNPs in coding sequences are subject to evaluation by a growing number of methodologies and models (see Fay and Wu, 2003; Luikart et al., 2003 for reviews) . Comparative sequence analysis of human and chimpanzee genes partitioned into presumptive functional subsets has led to the suggestion that loci encoding olfactory and nuclear transport functions have undergone accelerated evolution since chimpanzees and humans diverged from a common ancestor (Clark et al., 2003) . Sequellae of these substitutions may be physiological adaptations that distinguish the two species.
In lieu of standing aside while large societal investments in genomics are made, conservationists may consider assembling strategies for incorporating the forthcoming effort in evolutionary genomics (Eisen and Fraser, 2003) into an enlarged effort to describe, better understand and conserve biodiversity.
Phylogenetic footprints and shadows
Genome annotation for a richer diversity of species is becoming available through web browsers (www.genome.ucsc. edu). Phylogenetic footprinting (Gumucio et al., 1992) and phylogenetic shadowing (Boffelli et al., 2003) require such in silico data resources. These phylogenetic analyses align homologous stretches of DNA that, through inclusion of representative organisms from different taxonomic levels or representing a range of times of divergence, infer or identify non-coding sequences, including DNA-binding motifs with roles in the regulation of gene activity (Banerjee et al., 2002) .
While there is an understandable focus on comparative analysis of primate genomes, outgroups to primates will need to be studied in order to identify those genome changes that are unique to the primate lineage. In order to identify the functional significance of each nucleotide in the human genome, data should be derived from organisms whose common ancestor with humans occurred early in the phylogeny of mammals (and even other vertebrates, e.g., pufferfish). Currently, consideration of the amount of total sequencing data required across the mammalian phylogenetic tree to assemble the required number of nucleotide replacements has led to the suggestion that complete genome sequences from an additional five to eight species of mammals will need to be collected (Cooper et al., 2003) , although suggestions for more extensive taxon sampling are also persuasive (O'Brien and Murphy, 2003) .
Identification of the functional basis of conserved sequence blocks within mammalian genomes as well as the specializations that have been produced uniquely or in a convergent manner in this vertebrate class is a basic research question in biology. The notable specializations of humans, including the capacity for learning and acquisition of language, and versatility of cultural practices beg for greater understanding. Early searches for novel genes in humans have produced sets of candidate loci for contributing to a deeper understanding of genetic differences between humans and their closest relatives (Gagneux and Varki, 2001) . Comparative investigations will be facilitated in new ways with reference to the human as the model system. Indeed, the chimpanzee genome sequencing effort will rely on alignment to the human genome for assembly (Fujiyama et al., 2002; Olson and Varki, 2003) .
Yet, there are other considerations in choosing additional primate and non-primate species for sequencing that address both the imperative for a new vision of medicine utilizing a deepening understanding of the human genome, while engaging in fundamental aspects of intellectual inquiry into the science of life. Losses of biological diversity indicate that, even as we anticipate ongoing technical advances and tools for data analysis, the genetic, organismal and ecosystem diversity that is amenable to such investigations is being lost. These losses are occurring as the result of human causes, direct and indirect (Wilson, 1992) , even as the genome pioneers begin to uncover richness of insight from this emerging era of biology. The great apes are all endangered species suffering from fragmentation and loss of habitat, direct predation for bush meat, and disease risks (Walsh et al., 2003) .
Conservation genomics continues and extends the consideration of evolutionary structuring of the gene pools of endangered species as part of the effort to conserve biological diversity. The concept of evolutionary significant units (ESUs) was originally brought forward to incorporate a variety of data into conservation management decision making, including but not restricted to genetic data (Ryder, 1986; Crandall et al., 2000) . What is the range of genetic changes that are involved in subspecies differences and how do these reflect processes that influence both ex situ and in situ conservation options? How, armed with knowledge of the substance and variety of genetic differences contributing to the adaptive differentiation within populations of a species and between species, would efforts to conserve biological diversity and the evolutionary potential of biotic communities and ecosystems be modified by this information? Comparative studies examining levels and tissue specificity of gene expression will ultimately provide a basis for interpretation of specific phenotypic differences relevant to local adaptation and provide insights linking life history strategies with gene expression studies (Enard et al., 2002a, b; Gibson, 2002; Karaman et al., 2003) .
Primate adaptations and human origins
The special adaptations that contribute to human uniqueness, including complex verbal language and communication skills, diversity of cultural developments, cognitive skills, etc, require consideration from an evolutionary perspective. Primates have notable adaptations, some of which served to prepare for the emergence of the human species (Table 1) . The evolution of primate adaptations facilitated the origin of humans but the appearance of humans was not an inevitable consequence of biotic evolution on earth. The understanding of human origins will be facilitated by the purposeful investigation of pertinent genomic, neurophysiological, morphological and other changes that have taken place along the primate lineage. Studies of gene expression differences between human and other primate species involving tissue-specific comparisons of brain (Enard et al., 2002a; Caceres et al., 2003) and models such as fibroblasts (Karaman et al., 2003) serve to provide candidate gene loci for the genetic basis of adaptive modifications in hominid evolution. Studies of other primates including wild populations offer definition and clarification of the context of traits that contribute to the human phenomenon. Parental care by male baboons for their own offspring in preference over young baboons not their offspring, could only be evidenced through genetic analyses (Buchan et al., 2003) . The further unraveling of this phenomenon and the details of the system of preferences resulting in choice of mates, will undoubtedly involve contributions from larger scale genome studies.
Duplications associated with genome regions of recurrent translocations may foster the appearance of novel gene sequences (Chai et al., 2003; Nahon, 2003) . Establishment of novel physiological capabilities through gain of function involving divergence of duplicated genes is becoming more richly exemplified. A prominent example includes genes involved in digestive adaptations associated with folivory in primates (Zhang et al., 2002) . The RNase1 gene duplication in the leafeating douc langur is an important example in the conservation context because of the endangerment of leaf-eating primates in general, and this species in particular (IUCN, 2001) . The convergent evolution of gut lysozyme in ruminant artiodactyls and colobine primates is a comparable example (Stewart et al., 1987; Messier et al., 1997) . In zoos, insufficient success in captive propagation has been due, at least in part, to gastric pathology, potentially associated with an inappropriate dietary regimen that may constitute a significant factor contributing to lack of population growth (Ensley et al., 1982) . Loss of function of duplicated loci identifies relaxation of selective constraint, as in the differential fate of olfactory receptor gene families in rodents, carnivores and primates (Young and Trask, 2002; Whinnett and Mundy, 2003; Kirkness et al., 2003) . Though inactive, vestigial gene sequences and pseudogenes may still influence organismal fitness (Giglio et al., 2001; Stankiewicz and Lupski, 2002) .
Genes and regulatory pathways that are involved in reproductive isolation may also be identified by genomic approaches. Evaluation of selective forces and identification of genome segments that are resistant to modification by recombination or conversion as the result of inversion, for example, provides approaches for identifying candidate loci involved in the speciation process crucial to increasing biodiversity (Rieseberg, 2001; Hey, 2003; Navarro and Barton, 2003; Wang et al., 2003) .
There is fundamental and practical interest in understanding the underlying genetic mechanisms that result in the morphological changes that differentiate species. Developing a framework for interpreting genetic differences that contribute to morphological changes portends a new descriptive metric to add to the historical framework of comparative anatomy and morphological systematics.
Obesity and cardiovascular disease are among the significant medical problems of gorillas in captivity. Cholesterol/ HDL ratios increase with age and are associated with incidence of cardiovascular disease in gorillas (Baitchman et al., 2003) , despite the vegetarian diet of these apes. Gorillas may develop cardiovascular symptoms that, in humans, are associated with morbidity and mortality, but which may favorably be influenced by management of blood lipid components. Investigations of genetic factors that impact lipid metabolism in humans may both gain benefit from an evolutionary perspective and simultaneously provide a model for investigating the physiology of related species. 
Conservation genomics: examples and opportunities
For most endangered species, ignorance of basic aspects of their biology impedes conservation efforts. Application of genomics information can influence species survival through improvements in wildlife health and by structuring assessments of and intervention for population viability and recovery. Genome comparisons may provide otherwise unobtainable clues to physiology and medicine for some endangered species (Table 2) .
Genomic studies undertaken in other organisms required development of associated resources in order to produce genetic maps, annotate genomes, and assist with alignments and assembly. DNA from well-characterized individuals, including cell lines and large insert libraries, in addition to a source of blood or other tissue for shotgun sequencing efforts is required. For endangered species, and especially those with small body mass and therefore unable to provide large amounts of DNA from blood samples, this may pose tactical difficulties and require careful consideration for appropriate access to specimens. Population samples, from both captive and wild populations, if possible, provide enhanced conservation benefits through comparative analyses. Demographic, dietary and disease information for individuals whose genomes may be sequenced add value as additional individuals and/or populations are studied. Samples from families (such as have been provided by CEPH for humans) will be generally useful for linkage studies and, from kindreds segregating phenotypes of interest, will provide an essential tool for identifying genetic disease loci in small populations of endangered species, e.g., California condor (Ralls et al., 2000) .
While advances in genetic medicine of domestic animals have occurred, in part because of their value as models for human disease, genetic approaches to understanding disease susceptibility, the emergence of genetic diseases consequent to inbreeding in small populations (Ryder, 1988) , as well as the broader aspects of genetic risk factors associated with the dynamic architecture of mammalian genomes (Stankiewicz and Lupski, 2002) are amendable to analysis and interpretation through comparative genomic studies.
For endangered species, especially those with no close domestic relatives, opportunities for invasive studies of endocrinology, immune function, physiological chemistry, etc. are limited. Comparative genomic studies offer potential new ways to unravel the significance of environmental factors that may contribute to the health and growth of small populations. Zoo and wildlife medicine have contributed substantively to identifying risk factors and significant biomedical issues that affect populations in captivity and in the wild, e.g. impact of Ebola virus on in situ populations of African apes (Leroy et al., 2004) . Further advances in zoo and wildlife medicine will play an increasingly crucial role in conservation efforts. Numerous studies have helped identify idiopathic conditions for which comparative genomic studies may help identify causal factors (Table 3) .
Whole genome sequencing projects and conservation genomics
It may seem that genome sequencing projects are too expensive to be justified for species solely because they are endangered. While this may be true at present, the cost of genome sequencing has been decreasing substantially and if predictions of future advances in DNA sequencing technology are realized, the costs may become less restrictive. For this reason alone, some discussion at this time regarding benefits and priorities is appropriate.
The importance of comparative genome sequencing efforts focuses attention on the rationale for choosing genomes for sequencing studies. O'Brien and colleagues (2001) suggested a rationale for consideration of priorities for genome sequencing projects for placental mammals that considered phylogenetic exigencies for identifying lineage-specific genome changes within the panoply of mammalian genomic architectures. Their rationale also considered the importance of species that serve Table 3 . Potential studies facilitated by genome sequence information
Species
Research activity cheetah risk factors for infectious peritonitis and cerebral spongiform disease; immune system gene organization and variation black rhinoceros viral diseases; adaptations in oxidative phosphorylation pathways; olfactory mediation of social behavior; susceptibility to trypanosomiasis lowland and mountain gorilla immune system gene organization and variation; mate choice and MHC variation; susceptibility to pathogens of human origin (measles, helminths); consanguinity estimation bonobo MHC structure and variation, cardiovascular disease risk factors, susceptibility to dematoses; papiloma virus infection ruffed lemur hemosiderosis and hemochromatosis giant panda olfactory mediation of sexual behavior; twinning; delayed implantation; fetal loss bighorn sheep susceptibility to pathogens commensal with domestic sheep as medical models (e.g., dog, cat, rabbit, rat), have conserved (insectivore-like, e.g., tenrec, tree shrew) or highly derived morphological features (whale, elephant, horse, bat) or whose karyotype is highly derived (dog) or considered to retain ancestral features (whale, bat). Interestingly, several of the species that arose in their analysis were endangered species: the elephant, chimpanzee, and orangutan. Endangered species fall within every mammalian order, with the exception of the Tubulidentata, of which the aardvark is the single extant species.
In the current era of genome exploration, an overriding consideration has been the elucidation of knowledge applicable to the management of human health and disease. Currently, relatively little consideration of the health of other species nor of biotic communities and ecosystems is evident. Some efforts now to reconcile these views and broaden the scope of the effort launched by the Human Genome Project will benefit human society, present and future, through both an increased understanding of the human organism in its evolutionary context, and through the preservation of that context itself.
A useful initial step involves consideration of the allocation of current genome sequencing efforts. As the choices are considered for selection of taxa for whole genome sequencing projects, selection of existing experimental model organisms will not provide the desired phylogenetic diversity and complement of nucleotide replacements that will allow the functional interpretation of site-specific changes in the human genome (Sidow, 2002) . The complete genome sequencing of organisms which are not traditional objects of research in medicine and physiology is an emergent phenomenon.
A conservation-oriented rationale for allocation of mammalian genome sequencing efforts has much in common with a rationale developed to elucidate the functional elements of the human genome. Appropriate phylogenetic diversity and the extent of accumulated substitutions must be incorporated. For each candidate taxon for genome sequencing, consideration may be given to whether a species with direct conservation application might be substituted or included at a low level of sequencing effort. 1-2× sequences may align sufficiently well to provide a level of coverage that will immediately facilitate further studies (Cooper et al., 2003) , as has been argued for the 1.5× genome sequence of the domestic dog (Kirkness et al., 2003) .
While the alternate choice of organisms on the same evolutionary lineage may have relatively little impact on the replacement tree data set, the impact of adding genome sequence information for understanding the natural history, evolutionary genetics, ecology and health of a species will change the context for its conservation and the prospects for constructive intervention for survival.
Considering the phylogeny of eutherian mammals, from which species most of the next set of high priority species for whole genome sequencing will be identified, there are several endangered species that could provide the utilitarian comparative data for increasing the number of mutational differences in the compiled tree (Table 3) .
Potential candidate species may be placed in an evolutionary context with other candidate eutherian taxa (O'Brien et al., 2001) and include an appropriate marsupial outgroup (Wakefield and Graves, 2003) (Fig. 1) .
Opportunities for genome sequence information to shed light on organismal fitness fall into some broad general categories such as sensory adaptations, physiology and disease, and examination of the nature and extent of genetic diversity for analysis of demographic history, inference of gene flow, evaluation effective population size and for evaluating hypotheses in behavioral ecology (Table 2) .
With relatively few mammalian genomes substantially or completely sequenced, evolutionary comparisons are still in early stages. Organization of repetitive sequences, including highly-repetitious simple sequence DNA, moderately repetitive elements, and transposable elements participate significantly in identified aspects of genome evolution (e.g. Kirkness et al., 2003; Thomas et al., 2003) , but rather more limited data exists regarding variation within clades. Similarly, small insertion/deletion events have been shown to contribute to the divergence of genomes (Britten, 2002; Frazer et al., 2003) , but the rate and extent of these changes across mammalian phylogeny is poorly understood. This current state-of-the-art suggests that rather complete sequencing of additional mammalian genomes will be required in order to shed light on these aspects of genome evolution and their functional relevance (Cooper et al., 2003) . It is a comfortable prediction that many new insights will be gained through this process. Ultimately, suites of genes and regulatory regions may be identified, the screening of which can extract significant amounts of useful information relative to understanding physiology and evolutionary adaptations in different lineages. However, at the present time, this approach would not be expected to yield the same information that complete genome sequencing efforts can amass. Most like- ly, comparative studies of genes involved in the diversity of mammalian adaptations (e.g. reproduction, immunity and pathogen resistance, sensory adaptations, etc.) will be studied even as additional efforts in comparative genome sequencing provide information to help refine the understanding of the involved gene complexes and their regulatory networks.
Conservation bioinformatics
A bioinformatics capability commensurate with amount of available data is necessary to productively utilize the sequencing information generated and will require customized tools for many conservation applications. For human genetic data, confidentiality and patient anonymity are required. However, the very opposite holds for studies in other species for which documentation of individual genotypes and allele frequencies in populations facilitates rigorous study design, interpretation of data and also contributes to a more complete knowledge of the population genetics of the species being sampled. Such data have obvious relevance for conservation efforts through insights provided into effective population size (Hayes et al., 2003; Roman and Palumbi, 2003) , estimates of gene flow, inferences of population structure and as they reflect behavior of populations (Altmann et al., 1996) . In many earlier comparative genetic studies of humans and other primates, and still in recent work, the source of the studied materials is incompletely documented. The institution providing the sample may be acknowledged, but individual identification is often not provided, resulting in several undesirable consequences. Findings may not be able to be placed in a genealogical or population perspective. Variation may be overestimated or underestimated because kinship (or identity) is not possible to reference. Potential polymorphisms and their origin may be tested in pedigree studies, but without linking the individual data to a standard identifier, such as a studbook number or ISIS identifier (www.isis.org), important data are being lost. The same animal may be repeatedly investigated, even in the same study without recognition. Such errors can be compounded in the literature further exacerbating the situation. Opportunities to build databases with individual genotypes and/or haplotypes are lost.
The launch by the U.S. National Science Foundation of the Integrated Non-human Primate Biomaterials and Information Resource (IPBIR) represents a substantial effort to assemble, characterize, and distribute high-quality DNA samples of known provenance with accompanying demographic, geographic, and behavioral information in order to stimulate and facilitate research in primate genetic diversity and evolution, comparative genomics, and population genetics (www.ipbir.org). Complementary efforts are also underway within the European community, with the initiation of INPRIMAT (www.inprimate.org).
Expanded biomaterials banking efforts for a wider range of taxa than is now underway are urgently needed to facilitate comparative studies and to make the best use of genomic sequence information through providing resource curation and integrating associated genealogical and demographic data.
Conservation relevance and ethical concerns
The genetic refugium of many endangered species is contained in a small number of individuals, typically with unknown kinship and uncertain demographic characterization. Managing population growth and retention of genetic variation are central features of captive management such as that undertaken in zoos and free-ranging populations of endangered species for which recovery is actively being attempted (Foose et al., 1995; Ballou and Foose, 1996) . Comparative mt genomic studies are now providing insights into demographic histories of species that may be incorporated into conservation analyses (Caccone et al., 2002) . The contribution of disease outbreaks as a demographic event is also being identified for known pathogens such as malaria . Demographic inferences are also providing the basis for postulating disease outbreaks in the history of some species of mammals, such as cheetahs.
Species must have sufficient suitable habitat. They must have ecosystem resources that allow for population persistence over extended periods. Normally, these periods are in evolutionary time scales, e.g., hundreds to hundreds of thousands of generations. Currently, concern for many species is focused on the next several generations as the trends for their populations in the face of human-caused endangerment forebode their critical endangerment and extinction. Genome sequencing studies cannot be expected to impact directly habitat sufficiency for endangered species. However, the ability to more effectively evaluate demographic history and genetic variation in populations through genomic analyses may find conservation application, increase the effectiveness of residual habitat fragments for population persistence, and provide more quantitative evaluation of levels of threat or progress to recovery than are currently available.
The humanitarian value of studies of comparative genomics of mammals, generally, and primates, specifically, stands to become more fully realized. The fact that, according to current estimates, approximately one-fourth of mammal species face levels of extinction risk leading to inclusion in the Red List of Threatened Species (IUCN, 2001 ) may greatly impair the feasibility, and ethical pursuit of such studies in the future.
Currently, whole genome studies are available for only a few species and until the chimpanzee (Pan troglodytes) genome is completed, none will represent endangered species. Although it is estimated that nearly one-third of all mammal species will face a level of extinction threat resulting in listing as endangered by recognized bodies such as the IUCN (www.iucn.org), gathering knowledge of the genomes of these species is not yet a priority.
For primates, 118 extant species or approximately one-third of the 628 recognized species are considered endangered or critically endangered, including all the species of great apes (IUCN, 2001) . Even as new species of primates are being identified, catastrophic declines are currently being noted for African apes as a result of predation and in association with zoonotic disease outbreaks (Walsh et al., 2003; Leroy, et al., 2004) .
One outcome of comparative genomics generally, and primate genomics specifically, will be to assess at the genetic level responses of living systems to environmental change. New insights into the origins of humans, their traits and culture and advances in human medical care are anticipated as genomic technologies advance and are applied to a wider diversity of species. Genome biologists can promote the utilization of genomic analysis tools to contribute to the welfare and persistence of animal populations and, particularly, endangered species, recognizing that even as technical capabilities grow, biodiversity is being lost.
